the phenotypes. This suggests that glial cell death is a ber of reports finding a causal relation between oxidaconsequence of neuronal apoptosis ( Figures 1C and 1F ). tive stress and neurodegeneration, little is known Molecular analysis of the P element insertion from about the genetic elements that confer protection sniffer flies localized the transposon within the first inagainst the deleterious effects of oxidation in neurons.
carbonyl reductase activity in mutant flies is that the The Sniffer protein showed activity in the insulin 50% of carbonyl reductase activity left in mutant flies assay, a test for general redox activity. Sniffer was less could be enough to prevent a significant increase of active than thioredoxin-1 from D. melanogaster but total carbonyl protein content. Alternatively, given the acted dose dependently ( Figure 2D ). With a K M -value of broad spectrum of substrates found for carbonyl reduc-7 M, Sniffer was found to be NADPH dependent, and tases, Sniffer could be involved in the reduction of other it accepted a variety of substrates previously reported reactive carbonyl groups apart from those found as profor carbonyl reductases [12] ( Hyperoxia not only affects the lifespan of wild-type flies but also induces neurodegeneration. Flies exposed to and 33% (6 days), respectively, suggesting a hypersensitive response to hyperoxia. This phenotype could be hyperoxia developed a brain degeneration phenotype similar to that seen in sniffer flies under normoxia (norrescued by expression of a wild-type sniffer cDNA with the actin-GAL4 driver. Strikingly, the overexpression of mal atmospheric oxygen levels; Figure 4 ). Wild-type flies maintained for 7 days under hyperoxia show neuropil sniffer in the wild-type background resulted in a significant extension of the mean and maximum lifespan (43% vacuolization as well as high levels of apoptosis within the entire brain ( Figure 4C ). Interestingly, a high number and 44.4%, respectively) compared to the control. Our results show that the function of Sniffer is required for of apoptotic cells could be detected in the lamina cortex, a feature also found in sniffer flies. This suggests that protecting flies from the deleterious effects of oxygen; mutant flies are hypersensitive to hyperoxia, and overexmonopolar neurons are especially sensitive to oxidative stress. sniffer flies exposed to hyperoxia showed very pression of sniffer confers protection and a substantial extension of the lifespan under oxidative stress. Overexstrong degeneration already after 4 days when they were compared to wild-type flies under the same conditions pression of sniffer did not extend the lifespan of wildtype flies under normal oxygen conditions ( Figure 3A) .
or to sniffer flies that were of the same age but were (Figures 4A and 4B) . Moreover, overexpression of sniffer via actin-GAL4 in 7-day-old wild-type flies substantially protected the flies from brain degeneration induced by oxygen ( Figure 4D ). Flies overexpressing sniffer showed weak degeneration exclusively in the olfactory lobes, which might be due to a low expression level of actin-GAL4 in that region of the brain. These results show that Sniffer exerts an important protective role against oxidative stress in neurons.
maintained in normoxia conditions

Age-Dependent Defects in Locomotor Activity Can Be Prevented by Sniffer Overexpression
Aging has a deleterious effect on the locomotor activity of wild-type flies in negative geotaxis experiments. Hyperoxia also affects the flies' walking performance, suggesting that the age-related walking phenotype might be due to an accumulation of defects induced by oxygen speed, and it improves the performance of 20-and 30-
